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PRODUCTIOH OP HET ERODIMERIC HUMAN FERTILITY HORMONES 
Background of the Invention 
This invention relates to the use of 
..recombinant DNA techniques to produce heteropolyraeric 
5 proteins* _ v 

Various polypeptide chains have been expressed, 
via recombinant DNA technology, in host cells such as 
bacteria, yeast, and cultured mammalian cells. Fiddes, 
J. C. and Goodman, H. M. (1979) Nature Vol. 281, pg. 
10 351"-356"and Fiddes, J. C. and Goodman, H.^ M 

Nature Vol. 286, pg. 684-687 describe the cloning of, 
respectively, the alpha and beta subunits of human 
choriogonadotropin (hCG) • 

Kaname US Pat. 4,383,036 describes a process 
15 for producing hCG in which human lymphoblastoid cells 
are implanted into a laboratory animal, harvested from 
the animal, and cultured in vitro; accumulated hCG is 
then harvested from the culture. 

Summary of the Invention 
20 In general, the invention' features, in one 

aspect, a biologically active heteropolymeric protein 
composed of a plurality of subunits, each subunit being 
synthesized by a cell having an autonomously replicating 
(i.e., not integrated into the chromosone of the host 
25 cell) expression vector containing heterologous DNA 
encoding the subunit. 

In preferred embodiments, the protein is 
synthesized by a eukaryotic cell and the protein is 
modified post-translationally, most preferably by 
30giycosylation} and the protein is a secreted protein 
such as a hormone, most preferably a fertility hormone 
such as hCG, luteinizing hormone (LH) or follicle, 
stimulating hormone (FSH) ; or the hormone thyroid 
stimulating hormone (TSH) • 
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In another aspect, the Invention features a 
cell, containing a first expression vector, which cell 
is capable of ^p^^ a biologically active 

r : heterbpMOlymer ic^^^^^^ that" is encoded at least in par t 

5by the vector* In preferred embodiments, a second 
autonomously^replicating- expression vector encodes; a 
second portion of the protein or at least two subunits 

„of -the protein- are-^ encoded- by a~* single -expression 

vector; the protein is hCG or human luteinizing hormone 
10(LH)i the vector is a replicating virus or a plasmid; 
the cell is a monkey or mouse cell;^ transcription of the 
different hCG„ or. LH subunits is under the control of the 
SV40 late promoter; transcription of the alpha subunit 
of the protein is under the control of the SV40 early 
^^romoter and transcription of the beta subunit is under 

control of the mouse metallothionein promoter, or 
^ transcr iption'of both subunits is under the~^ contrdl~~of 
the mouse metallothionein promoter; and the expression 
vector which includes the mouse metallothionein promoter 
20also includes at least the 69% transforming region of 
the bovine papilloma virus (BPV) genome* 

In another aspect, the invention features an 
autbnombu^sly^ replicating expression vector including two 
genes encoding two different heterologous proteins, the 
ZSgenes being under the control of two different 
promoters, most preferably a metallothionein promoter 
and a BPV promoter; the use of different promoters 
advantageously minimises the possiblity of deleterious 
recombinations. 
30 As used herein, ''subunit* refers to a portion 

of a protein, which pdrtion, or homologue or analogue 
thereof, is encoded in nature by a distinct in mRNA. 
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Thus, £or example, a heavy chain and a light chain o£ an 
IgG immunoglobulin are each considered a subunit. 
Insulin, on the other hand, is composed of two chains 
"Which are not considered subunits, because both are, in 
5 nature, encoded by a single mRNA, and cleavage into two 
^ chains naturally occurs only after translation. 

The term "expression vector" refers to a 

.cloning^vector^which. includes. heterologous . (to_the 

vector) ONA under the control of control sequences which 
10 permit expression in a host cell* Such vectors include 
replicating viruses, plasmids, and phages. 

The invention permitj the production of a 
biologically active heteropolymeric protein from a 
'Single culture of transformed cells. The production of 
ISboth subunits of a heteropolymeric protein in the same 
cell eliminates the necessity of recombining subunits 
from separate cultures to assemble an active 
heteropolymeric molecule. The system also allows 
production of proteins, in a single culture, which. 
20undergo, in the culture, post-*translational 
modification, e.g. glycosylation and proteolytic 
processing, for activity or stability. 

The use of autonomously replicating expression 
vectors prevents undesirable influence of the desired 
^^oding regions by control sequences in the host 
chromosone. 

Other advantages and features of the invention 
will be apparent from the following description of the 
preferred embodiments thereof, and from the claims. 
2° Description of the Preferred Embodiments 

We turn now to the preferred embodiments of the 
invention, first briefly describing the drawings thereof. 
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Drawings 

Fig. 1 is a diagcaoinatic illustration o£ the 
construction of the plasaiid p alpha SVHVPl, which 
contains- the alpha hCG cOMA clone, portions of SV40 
5 viral DMA, and sequences of the plasmid pBR 322. 

" Pig.- 2- is a diagramitiatic illustration of the 

construction of plasnid p beta SWPl, which incorporates 

—the_beta_hCG-cDNA-- clone, -regions- of SV40- DNA and a 

portion of pBR 322 including the region conferring 
lOre.sistance to ampicillin on host coli . 

Fig. 3 is a diagraiomtic illustration of the 
construction of the plasmid p alpha beta SWPl in which 
the alpha and beta hCG cDNA clones are inserted into 
SV40 DNA. 

15 Pig. 4 iB h diagrammtic illustration of the 

construction of the plasnids pRP375 and pRF398. 

5 is a diagrauuBatic illustration of the 
cons tr uct ion of the plasnid RF398 alpha "tj . 

Pig". 6 is a diagram illustrating the location 
'20o£ an 88 bp probe within the beta hCG cDNA clone. 

Fig. 7 illustrates the beta LH restriction map, 
and the pieces used in the construction shown in Fig. 8. 

Fig. 8 is a diagrammatic illustration of the 
construction of a plasmid, LH520H/B, containing the ^ 
2Scomplete mature beta LH cDNA clone. 

Pig. 9 is a diagrammatic illustration of the 
construction of the viral vector p alpha LHSWPl. 

Pig. 10 is a diagrammatic illustration of the 
construction of the BPV-containing plasmid 
3qpCL28XhoLHBPV, encoding the beta subunit of LH. 
Structure 

The cloning vectors of the invention have the 
general structure recited in the Summary of the 
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invention, above. Preferred vectors have the structures 
shown in the Figures, and are described in more detail 

— below; ^ 

^ conatruction of Cloning Vectors- 

5 Isolation of cDWA Clones Encoding the Alpha 

and Beta Subunita of .hCG — — __ — 
All of the techniques used herein are described 
^^^^4 1 i» M«n<^hia .^t al. (1982) Molecular Cloning.: _ 
A Laboratory Manual (Cold Spring Harbor Laboratory), 
10 hereby incorporated by reference. 

RMA is extracted from placental tissue by the 

- following method. Homogenization _of the tissue is 
carried out in a lil mixture of phenol: 10 OmM Na-acetate 
(pH 5.5) containing ImM EDTA, that has been warmed to 

15 60** for 20 min. After cooling on ice for 10 min., the 
phases are separated by centrifugation. The hot phenol 

"extraction is repeated twice more followed by two 

extractions" with~^ ~~ 
RNA is precipitated from the final aqueous 

20 phase by the addition of 2.5 volumes of ethanol. 

In order to enrich for poly A+ mRMA, placental 
RNA is passed over oligo (dT) -cellulose in 0.5M NaCl 
buffered with lOmM Tris-Hcl, pH 7.5, and washed with the 
same solution. Poly A+ mRNA is eluted with lOroM 

25 Tris-HCl (pH 7.5), ImM EDTA, 0.05% SDS and precipitated 
twice with ethanol. Typical initial yields are 1.5-2.0 
mg of totcl RNA per g of tissue, of which about 2% is 
poly h* mRN.\. 

Placental cDNA libraries are constructed by 

30 reverse transcription of placental mRNA, second strand 
synthesis using coli DNA polymerase I (large 
fragment), treatment with SI nuclease, and homopolymer 



. 0 8S/019M^ 



w 



vailable Copy 



PCT/US84/01771 



- 6 - 

tailing (dC) with terminal deoxynucleotidyl transferase; 
all such procedures are by conventional techniques. 

In a typical preparation, 20-30% conversion of 
mRNA to single strand (ss) cDNA; 70% resistance to 
5 digestion with nuclease SI after second strand 

synthesis; and dC "tails" of ten to twenty-five bases in 
length, are obtained. These cDNA molecules are then 
annealed to DNA fragments of the plasmid pBR 322, which 
has been digested with Pstl, and to which dG "tails" 
10 have been added. These recombinant plasmids are then 
used to transform E^^ coli cells to generate a cDNA 
library (transformed cells are selected on the basis of 
tetracycline resistance) • 

In order to identify the human alpha hCG clone, 
15 a 219 bp fragment of a mouse alpha thyroid stimulating 
hormone (TSH) clone Is used as a hybridization probe. 
This probe has 77% sequence homology with the human 
clone. It is radioactively labeled by nick translation 
and hybridized to the cDNA library under conditions that 
20 take into account the extent of homology. Strongly 
hybridizing clones are analyzed by restriction mapping 
and clones containing the complete coding sequence of 
alpha hCG are verified by DNA sequencing. 

Construction of Plasmid £ alpha SVHVPl 
Referring to Fig. 1, in order to construct the 
plasmid alpha 970 H/B, a cDNA clone containing the alpha 
hCG fragment is digested with Ncol. The Ncol site, just 
5* to the ATG codon signalling initiation of 
translation, is filled in and ligated to a synthetic 
Hind lll linker. Similarly, the natural Hindlll site in 
the 3" untranslated region of the clone is cut, filled 
in with coli DNA polymerase Klenow, and then ligated 
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to a synthetic BamKI linker. This fragment is cloned 
into the plasmid pBR 322 between its Hind lll and BamHI 
sites to generate the plasmid alpha 574 H/B. This 
plasmid is digested with BamH I, treated with alkaline 
5 phosphatase, and ligated to the 396 bp Sau3A fragment of 
SV40-OMA- (from 0.07 to 0.14 map units) which has been 
isolated from a polyacrylamide gel. The ligation mix is 
.used.to. transform coli to arapicillin resistance and 
the desired plasmid, alpha 970 H/B, is identified among 

10 the transformants. 

The plasmid ©27 is constructed by cutting 
SV40 at its Hpall site, makinj flush ends by digestion 
with nuclease SI, ligating on Eco RI linkers, digesting 
with Eco RI, and cloning the' resulting 1436 bp fragment 

15 into the EcoRI site of pBR 322;{ 

Referring to Pig. 1, -QjV is digested 
completely with EcoRI and partial.ly with Hindlll; the 
fragment from 0.72 to 0.94 map units is isolated and 
cloned into alpha 970 H/B, which has been digested with 

20 EgoRI and Hind lll and treated with alkaline 

phosphatase. The ligation mix is used to transform E^ 
coli , and the desired plasmid, p alpha SVL, is 
^jsntified among the transformants by restriction 
mapping. 

25 p alpha SVL is digested with EcoRI and the 

fragment of SV40 , with EcoR I ends , extending from 0 to 
0.72 map units, and containing the SV4p origin of 
i^replication and the intact early region, is ligated to 

it to generate the plasmid p alpha SVHVPl, which is 
30 isolated from E^ coli transformants. 

Construction of Plasmid p beta SWPl 
A 579 bp cDNA clone coding fbr beta hCG was 
obtained from John C. Fiddes at Cold Spring Harbor 
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Laboratory, Cold Spring Harbor, New York (Fiddea et al 
(1980) Mature Vol. 286, pg. 684-687). T is fragment is 
ligated at eachTend" tosy^ linkers. After 

" digestion, bv Hgia l r^str ictibn "enzyne, the ends « 
.5 filled in with Klenow DMA polymerase and synthetic EcoRI 
linkers are ligatied on so that an EcoRI site is about 10 
bp 5* to the ATG codon of the signal peptide coding 

sequence-. — A-BamHI- site is- about 60- bp -3 '--to- the — 

nonsense codon marking the end of the coding sequence. 
10 Referring to Pig. 2,^ this 556 bp EcoRI-BaraHI fragment is 
isolated and cloned into pBR 322, between the EcoRI and 
. BamH I sites;" to give the.plasmid p beta- 556 R/B. 

In order to construct the plasmid pSVHR (Fig. 
2), SV40 DMA is partially digested with Hindlll to yield 
15 linear molecules, digested with nuclease SI to make 
flush ends, ligated to synthetic EcoRI linkers and 
digested with EcoRI and BamHI. ; The fragment from 0.94 
to O^riTmajTunlta, cont^ the SV4~6 ori^Fri^of 

replication and early region, is cloned into pBR 322 as 
20 an EcoRI*Ba^I piece. 

Referring still to Pig. 2, the EcoRI site of 

the plasmid p b^ta 556: R/B is me^ 
catalyzed by E^oRI methy lase , following which the 
plasmid is cut with Mdel. EcoRI linkers are ligated to 
25 the SI treated Ndel flush ends and activated by 

digestion with EcoRI, which is followed by digestion 
with BamH I. . 

The SV40 fragment of pSVRR from the EcoRI site 
to the BamHI site is isolated and ligated in a reaction 
mix containing the digestion fragments of p beta 556 
R/B. Following ligation, the mix is digested with Sail 
to eliminate plasmids which have re-inserted the EcoRI 
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(Kdel) to BamHI piece o£ pBR 322. coll is 

tcansf ocmed with the digested ligation mix and p. beta 

SWPl is identlfied-and -isolated. -- - 

■■■■--■ Construction of the Plasaid p Aloha Beta SWPl 
5 Referring to Pig. 3/ pB^^ 

from PBR 322 by inserting a. KpnI.linker„into_its. unique 

EeoRI site, after this site is deleted by digestion with 

_ EcoRIf fol lowed by digestion with SI nuclease. 

Referring still to Fig. 3, SV40 DMA is digested. 
lOwith Avai l. The staggered ends of the resulting 

fragments are filled in by Klenow DNA polymerase to form 

flush ends, and the mixture Is then fractionated on a 
"poiyacrylamlde gel. The'682~base~"pair fr to 

0.77 map units) containing the origin of replication and 
ISthe unique Kpn l site is Isolated from the gel # llgated 

to synthetic Hindi I I linkers, and digested with Hind i I I 

and Kpn l. - - . . . _ — - 

^^-^-^■-^■^-^^ — iphe- resulting- fragments- are-ligated- to- jpBR — — 

322/Rpn. p266, which contains the 266 base pair Kpnl - 
2 0Hind III fragment, including the SV40 late promoter 

regloh, is isolated. p266 is cut with Hindl ll and 
^ BimHiV and treated with: bacterial alkallntt phosphatase. 
: '"'^^^ Stlir: referring:; to ■>ig'f ] 3, p beta;: SVVPI/B|i8-^;':: 

constructed as follows: p beta SWPl (Fig. 2) is cut 
2Swith EcoR I, followed by ligation to eliminate pBR 322 

sequeinces. Subsequently, this DNA is cut with BamH I and 

cloned into *:he Ba|^I site of pBR 322. 

The resulting plasmid, p beta SWPI/B, is then . 

digested with* Hlndl ll and BamH I ;and. the 1003 base pair? / - 
3( teind l 11 "BamH I fragment is llgated into p266 to yield the 

plasmid ip beta VPl 266, in which the beta hCG cDNA is 

positioned downstream from the SV40 late promoter, in 
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such a. way that its RNA transcript would be spliced as 
if it were' the viral VPl transcript. 

„_ — ^ The~alpha" hCG CDMA is' Inserted into' p beta VPl 
26 6~ aS" a- H inidll I-fragaeht "y'^wh ich" HaaT been cut ' a t" i ts- 



10 



Hindi! I site aiid treated with bacterial alkaline 
Phosphatase^— coli- transf oraiants^ derived-from- this- ~ 
ligation are screened by restriction mapping, and 
.plasfflids-areil isolated- that- have- the- desired- structure^- — 
in which.the alpha hC6 cONA has replaced VP2 in the 
correct orientation, followed downstream by the beta hCG 
cDNA, which has replaced VPl. 

._-:iJPn« - auch isolated, plasnid r P alpha beta VPl, is . 



15 



used to coaplete the construction of p alpha beta 
SWPl. - The plasfflid-is cut with- Kpnl v and the ' full SV40 
genome, cut with Kgnl, is inserted by ligation into this 
site. Following transformation of ^ coli, a plasmid 
with the", required" structure;"" p'^^al^ha beta SVVPl," is 



20 



25 



30 



Xsdl¥t'ed7~Th'ls plasmi^^ DNA encoding both the 

alpha and beta aubunits of hC6, and thuis is capable of 
directing the expression, in host mammalian cells, of 
both subuhits, whereby biologically functional, 
glycosylated heterodimer ic hCG is produced 
(giycosylatibn oc<»ir^^^^^ 

Construction of PlasmidspRF 375 and oRF 398 
. : Hefitrring tQ^Figv 4, the plasmid CL28 
(identical to plasmid J»lMT(E)y Hamer et al. (1983) J. 
Moi. AppLled Gen. 1, 273-288), containing the murine 
metallothionein promoter, SV40 DMA, and pBR 322 
sequences, is cut with the restriction endonuclease Bgl 
li. At this site are inserted cDNA clones of either 
alpha hCG or beta hCG, containing untranslated regions 
of about 10. and 30 bp at their 5* . and of about 220. and . 
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7o bp at thei^ These clones have been 

genetically engineered by the addition of synthetic Bam 
HI linkers at their termini. 

The resulting plasmlds pRP 302 (alpha) or pRP 

5 394 (beta) are digested with restriction enzymes BamHI 
and Sai l to release the SV40 DNA sequences. 

Plasmld pB2-2, which contains the entire BPV 

genome »_andj8ome pBR 3 22^ s^^^^^ ._*'55.?. 

BamHI and Sail to yield "the" BPV genome with BamHi/Sall 
10 ends} this fragement Is llgated Into pRP 3C2 (alpha) and 
pRP 394 (beta) containing the metallothloneln-hCG 
sequences. 

Following transformation of E. coll f plasmlds 
pRP 375 and pRP 398 are Identified and Isolated. They 
15 encode alpha hCG or beta hCG, respectively, under the 
control of the mouse metallothloneln promoter. 

Construction of the Plasmld RP 398 alpha t^ 

irt-_i^L„ _ - . • Referring to Fig. 5, the plasmld p alpha t2 Is 

derived by cloning the alpha hCG 574 Hlndlll fragment 
20 Into plasmld pVBt2 (V.B. Reddy et al., PNAS 79, 

2064-2067, 1982). p alpha t2, which contains the alpha 
hCG CDMA under the control of the SV40 early promoter. 
Is digested with EcoRI. The 5 • overhangs are removed by 
si nuclease digestion prior to the addition of synthetic 
25 BamHi linkers by blunt end ligation. 

Plasmld RP 398 (Pig. 4) Is digested with BamHI 
and treated with bacterial alkaline phosphatase, the 
1735 base pair BamHI fragment of p alpha tj Is 
Inserted In to RP 398. The resulting plasmld RP 393 
30 alpha tj Is isolated from B. coll transformants. This 
plasmld thus has the beta hCG cDNA In a transcriptional 
unit under control of the mouse meta^llothloneln promoter 
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and the alpha hCG cDNA in a transcriptional unit 
controlled by the SV40 early promoter. 

Expression of Luteinizing Hormone (LH) cDNA Clones 

. - Construction. of a Human Pituitary cDNA Library 

5 RNA is prepared from human pituitaries by 

homogenizing 5 to 10 gram3~"df ~the~frozen~"graridi^^^ 
o£ a solution containing 4 M guanidine thiocyanate, 1 M 
2-mercaptoethanolT 0;05 M Na-acetate"^ (pH S^ 0)T"and 0 ; 001 
M EDTAe One g CsCl is added per ml of homogenate and 
10 the suspension is centri£uged at 2,000 rpm £or IS min. 

The supernatant is layered care£ully over a 15 ml 
- cushion o£ CsCl solutioa . (containing 1.25 ml o£ 1 M . 
Na-acetate (pH 5), 62.5 microliters of 0*4 M EOTA and 
39.8g of CsCl in a final volume ot iS ml) and 
13 centrifuged at 45,000 rpm in the Ti 70 rotor of a 
Beckman ultraCentrifuge for 18-24 h at 2d''C, The RNA 
visible as a p ell icle in the gr adient i8l_?^emoved^ with^^ 
syringe, diluted, and precipitated by the addition of 
two volumes of ethanol. Following three cycles of 
^0 dissolution and reprecipitation^ the RNA pellet is 
<lissolved in and brought to 0.01 H !^^^ (pH 
7,5) and 0«5 M NaCl^ b^^^ 

stock solut:ionSe The preparation is then enriched for 
poly A^ mRNA by two passes over oligo dT**cellulose, as 

25 described above in the case of placental RNA. 

A human pituitary cDNA library is constructed 
from the poly A*^ mRNA as described, above for placental 
poly ,A^ mRNA except that both the large fragment E> 
coli DNA pol^erase X and the avian myeloblastoi^is virus 

30 reverse transciptase are used sequentially for second 
attend cpNA synthesis. The Klenow is used first. The 
reaction is stopped by phenol extraction. 
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The aqueous phase oi the centrifuged extract is applied 
to a 5 ml column o£ BioGel A-5m. Fractions containing 
high molecular weight material are pooled, concentrated, 
precipitated: with tw^ dried, and 

;--5-d£i30ived"in W MgCl^; 
- .-„1 4Q- mM KCl f -20 mM 2- mer captoethanol , 1 mM o f each of the 
f our deoxyribonucieoside triphosphates, for reverse 
tran scri ption. Reverse transcriptase i s added t o abo ut 
20 units per microgram of cDlfA. Double stranded cONA is 
10 then treated with nuclease SI, tailed, and cloned as 
described above. . 

Isolation of Beta LH cDHA Clones 
Coibnies^grbim on~¥u^ ' 
1... _1 containing. 25„ micrograms per ml of tetracycline are 
15 transferred to nitrocellulose filters. Colonies are 
lysed in situ by treatment with 0^5 M NaOB and 
Li— ::heutrall2ed with 0.5^ M Tris-HCl - (pH-7.4), containing ,1.5 
r^^^M^iiiaCl^" tibiSate^^^^ 

at 80*C in a vacuum oven for 2 h. The filters are 
20 screened by hybridisation to a ^^P labeled 88 base 
: pair f ragnMfit p£}^ 

: amino acids^ 16 to 45 of the nature hC6 beta chain, which 
i-ri ~ hasiM acidai ^in common with this region of 

; HiliiT^beta M Hybridisatiohvis * - 

r2S'carried out overnight at 32*r in 50% formamide, 0.75 H„ 
. MaCl, 0.075M MarCitrate (pH 7.0) , 2.5% dextran sulfate, 
0.1% polyvinylpy roll idone, O.r mg per ml bovine serum 
albumin, and at least 10^ cpm per filter of 
^^^^^ fragment. Filters are ^ 

30 washed several times in 0.15 M NaCl, 0.015 H Na-citrate 
at~37*C before autoradiography. One of the positive 
isolated clones LB12 (Figure 7) , is used further. LB12 
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is 365bp long and includes sequences coding for IS amino 
acids of the pce-beta signal sequence plus 105 amino 
acids of the mature beta LH polypeptide. Its nucleotide 
-sequence is determined. Since the complete mature beta 
5 LH is not coded by LH12, further screening of the human 



pituitary cDNA library is carried out using a 240 bp 
NcoI-PvuII fragment of LH12 (Fig. 7) as a ^^P labeled 



hy br idizat ion probe. The clone LH6 (Fig. 7) is isolated 
.1 from this screening. LH6 contains, the complete 3' end 
^0 of beta LH, including the region corresponding to the 
untranslated portion of the mRNA through 27 A residues 
of the Ppl^ the-mMIA. No clones are found 

that extended further than LH12 in the direction. 
DNA sequencing of the complete, combined mature beta LH 
coding regions reveals two differences in the amino acid 
sequence of beta LH from the published protein sequence 
— ^- d ata » positio n- 42 is a methionine , and, position L55,.is_a.. 



valine. Also, the mature beta LE contains 121 amino 
acids, based on the cDNA sequence. 

20 A clone containing an intact signal peptide 

coding isequence and the complete mature beta LH sequence 
is constructed as shown in Fig. 8, using the restriction 
fragment illustrated in Fig. 7. A 104 bp EcoR I^ Dde l 
fragment is isolated from the plasmid beta S79 H and 

2^ ligated to an isolated 181 bp Ddel fragment, 

subsequently digested with PstI, from the LHl 2 plasmid. 
Followiug ligation overnight at IS^C, the ligation mix 

1: is digested with EcoR I and Pst I and- fractionated on a 7% 
polyacryiamide gel from which the desired 256 bp ^ 

30 fragment is isolated. This fragment fuses the beta hCG 
signal sequence to that of the prer*beta LH in such a way 
as to provide a coding sequence for a 20 amino acid 
""signal' peptide . 
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The 256 bp EcoRI-PstI fragment is cloned into 
pBR 322 digested with EcoRI and PstI so as to give the 
plasmid LH beta 260. The 146 bp EcoRI -Ncol fragment 
indicated in Fig. 8 is isolated from a polyacrylamide 
5 gel and used later in the construction as described 
below. 

The LH6 plasmid (Pig. 8) is digested with Sau3a 
and the -390. bp fragment is isolated by polyacrylamide 
gel electrophoresis. This fragment is then digested 
10 with Hind i, ligated to BamHI linkers, digested with 
BamHI, and cloned into the plasmid pAPP at the BamHI 
site. pAPP is derived from pBR 322 by digestion with 
Aval, filling in the 5' overhang with the dNTP's and the 
large fragment DNA polymerase I of E^^. coli , digestion 
15 with PvuII, and ligation to close the plasmid so as to 
eliminate the PvuII site. The plasmid LH6B, isolated 
from the ligation of the 340 bp BamHI fragment into the 
BamHI site of pAPP, is digested with EcoRI and PvuII, 
and treated with bacterial alkaline phosphatase. The 
20 fragments are ligated to a mixture of the 145 bp 

EcoRI -Ncol fragment o£ LH beta 260, described above, and 
the isolated" 241 feipl Ncol -PvuII fragment from the plasmid 
LH12 shown in Pig ij 8. The ligation mix is used< to v 
transform E. colt tio atrepicillin resistance^ thev plasniid 
25 LH 520 H/B is found among the transformants. LH 520 H/B 
contains a complete beta LH coding sequence including a 
hybrid signal peptide sequence. 

Construction of p Aloha LHSWPl 
In ordec to express this pr in 
an SV40-based vector, as had been done for the pre-alpha 
and pre-bet^ hCG clones described previously, it is 
desirable to place ah EcoRI site very dose to the ATG 
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of the pce-beta coding sequence. This is accomplished 
by digesting LH520 H/B with Hgal. filling in the 5' 
overhang, ligating on synthetic EcoR I linkers, digesting 
with EcoR I and BamH I# and cloning the isolated 496 bp 

SBcoRI-BafflHI fragment into pBR 322 digested with EcoR I 

Jf.?-4 BamH I a nd t reated withL bacter ia 

phosphatase* The plasmid pLR496 k/B is isolated from E , 

coli tr a nsforme d with this ligation mix an^ 

the source of the 496 bp fragment to be expressed. 

10 The plasmid p alpha beta VPl, whose 

construction and use in expressing both subiunits of hCG 
is de3cribed earlier (Pig. 3), is digested with EcoRI 
and BamH I and ligated in a reaction mix containing the 
plasmid pLH496 R/B which had been digested with both of 

ISthese enzymes (Fig, 9). The plasmid p alpha LHVPl is 
identified among the E, coli tranaformants. As shown in 
Fig, 9, the intact SV40 viral early region is taken from 

-p-alpha SVHVPl- (Pig. 1) and -inserted by ligation as a 
Kgnl-Sall fragment into p alpha LaVPl which had been 

2Qdigested with K£nl and Sai l to give the plasi&id p alpha 
iyiSVyPl, By cutting this plasmid with BamHI and 
r^igatlhg; the^ Virus alpha LHSVVPl is formedV Thi^^^^^^ 

.kvYtrus. qoh^a LH and 

hCG, as well as FSH and TSH) alpha sabuni t and the 

2^pec^ip^ beta LH subunit .under control of the SV40 late 
promotet . The c^^ are positioned in such a 

way that thoi ^common alpha insert replaced the viral VPt 
protein coding sequence and the beta LH insert replaced 

: V. the ^virai.;Vp2 ■ coding^^ sequence';'.' ■ ^ ^! V;;;- v ;v^>-'; ^ 
Insertion of th^ Beta^^^^ 
of Signal Peptide) into a BPV-Based Expression System 
^^^^^^ V M with Hind lll 

and. BamH I > treated with the E. coll DN A polymerase 
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(Klenow) , ligated to synthetic Sail linkers, digested 
with Sai l, and cloned into the Sai l site o£ pBR 322. 
The resulting plasmid, LH 530 Sal, is used as a source 
of the LH cONA clone for insertion into the mouse 
Sroetallothionein gene of the plasmid CL28 as described in 
Pig. 10. 

CL28 is cut with Bgl ll, treated with nuclease 
SI, and ligated to Xho l linkers. Following digestion 
With Xhb l, ligation and digestion with Bgl ll, E. coll is 

10 transformed with the reaction mix to give the plasmid 
CL28Xho. This plasmid is digested with BamHI and Sai l 
and ligated to a BamH I plus Sai l digest of the plasmid 
pB2-2 (Fig. 4) to give the plasmid CL28XhoBPV. The 
latter LH insert is then ligated into the Xho l site of 

15cL28 Xho BPV as a Sai l fragment, since the 5* overhang of 
Sai l digests is complementary to that of Xho l digests. 
Following digestion with Xho l to eliminate background, 
E. coli is transformed and the desired olasmid 
pCL28XhoLHBVP containing the (hybrid) pre-beta LH 

^^insert, in a BPV-based plasmid, under control of the 
mouse metallothionein promoter, is isolated. 

Transfection and Infection of Host Monkey. Cells 
The incorporation of virus-containing vectors 

into eu^ 

2%eteropolymeric protein is generally accomplished as 
follows. First, if the viral DNA and homopolymeric 
prdt^^^ incorporated into a plasinid, 

which is m^i^intained, in, say, E. coli , the plasmid 
sequences (e.g. the pBR 322 sequences) are removed and 

20the resulting DNA is ligated to f^^ DNA 
including the viral region and the heteropolymeric 
protein«*encoding sequence or sequences. This circular 
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— DNA generally does not contain all of th^ genetic 
information needed to produce a replicating virua^ the 
other necessary sequences (e.g. those encoding coat~ 
protein) having: been; replaced by the heteropolymeric 

5 protein-encoding sequence or sequences. The circular 

— - ONA,~ minus- the* plasmid^ DMA must- be^ close- enough- in- size 
to the naturally occurring viral DMA from which it is 

_der iyed„tQ_permiJt„the, DNA:_to„enter__ and^ replicate . in 



appropriate host mammalian cells* 

The circular DNA is used to trans feet host 
cells in order to produce virus stock for later 
infections. Since some nf the DNA necessary to produce 
virus is missingr the transfection must occur in 
conjunction with helper virus DNA encoding enough of the 
missing function to produce replicating virus. 

Transfected host cells are grown and incubated 
until lysed by replicating virus. The resulting 
repiicating'virus^stbck r i herper * viriw 

used to infect host cells for production of the 
^^heteropolymeric protein. Virus stock is maintained, 
since it generally needs to be reused to infect fresh * 
batches of host cells , as each culture of infected, 
pitotein*producing host cells generally is eventually 
lysed by the virus ^ 

25 * 

The specific recombinant DNA sequences 
'described above are used^^^ transfect, and then infect, 
host cells, as follows. 

The pBR 322 sequences are removed from the 
above-described SV40-containing plasmids to produce 
^^transfecting viral DNA. In the case of p alpha SVHVPl 
Apd p alpha beta SWPI, thiis is accomplished by 
digestion with Ban^I, followed by ligation under 
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conditions faWci.ig clrculacizat Ion of the fragments to 
give (among other products) alpha SVHVPl and alpha beta 
SVyPI. For p beta SWPl, digestion with EcoR I followed 
by re-ligation brings the SVA.Q late promoter and VPl 

Ssplice region into juxtaposition with the beta hCG cONA 

_ insert at the same time that it eliminates p BR 322 

sequences and forms beta SV?1. At the same time, ptsASS 
Bam (tsAiSS SV40 viral DNA cloned into the pBR 322 BamHI 



site) is cut with BamH I and ligated to obtain 

lOself-ligated circles. Analogous methods are used for 
the LH vectors. Separate virus stocks are prepared as 
described below. 

The' DNA* s, which are cut and ligated as 

described above, are ethanol precipitated and dissolved 

15 in sterile water. Approximately 1 ug of ptsA58 Bam DNA 
(helper virus) and 10 ug of recombinant DNA (encoding 
alpha and/or beta.hCG or LH) are combined in a sterile 

— test- tube, -.mixed with 2 ml of TBS buffer (G. Kimura and 
R. Dulbecco 1972, Virogy, 49, 79-81) and 1 ml of 2 mg/ml 

2^ DBAB-dextran solution and added to a monolayer of 

confluent monkey CV-1 cells previously washed twice with 
10. ml of TBS in a T-75 flask. The cells are left at 
37*C for 1-2 hrs with occasional shaking, washed with 
TBS twice, fed with 10 ml of DMEM containing 5% fetal 

25 calf serumr and left at AO*C for 10-15 days. After 
complete cell lysis, the medium is transferred to a test 
tube, frozen and thawed five times, and centrifuged at 
3000 rpm for five minutes. The resulting supernatants 
serve as virus stocks for infection of fresh CV-1: cells. 

To accomplish an infection; CV-1 cells are 
grown to confluence in a T-150 flask. 1 ml of one of 
the virus stocks (made as described above) . is added. to 
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the flask and the cells are incubated at 40^C £or 5 
days« 

For nixed infections, CV-l cells are grown to 
confluence in a T-ISO flask, alpha SVHVPl and beta ^^S 
5 viruses are mixed in a 1<1 ratio and 1 ml of the mixed 

virus-is- used- to- infect- CV-1- cells at 40^C. 

Tranafection of Mouse Cells 
, To-produce- heterodimer ic- hCG - using- a- mixed 



10 tranafection, five ug of each BPV plasmid, i.e., pRF 375 
(alpha hCS) and pRF 398 (beta hCG) , are mixed and added 
to p.S ml of a 250 mM CaCl2 solution containing 10 ug 
of salmon sperm DNA as carrier. This mixture is bubbled 
into 0.5 ml of 280 mM MaCl, 50 mM Repes and 1.5 mM 
15 sodit::a phosphate. The calcium phosphate precipitate is 
allowed to form for 30-40 minutes at room temperature. 

24 hours prior to tranafection, 5x10^ cells 
of mouse C127 cells (available from Dr. Dean Hamer, 
" Naiidhai" Cancer ^ MIH ,~"Bethesda rMDr"«e^^ 

20 in a 100 mm dish or T-75 flask. Immediately before 
adding the exogenous DNA, the cells are fed with fresh 
medium (Dulbecco* 8 Modified Medium, 10% fetal* calf 
' serum) . One ml of calcium phosphate prec 
each dish (10 ml) , andF(:iiie$^^^ 
25 for 6-8 hours at 37^e. 

The medium is aspirated and replaced with 5 ml 
of 20% glycerol in phosphate buffered saline, pH 7.0 
(PBS) for 2 minutes at room temperature. The cells are 
washed with PBS, fed with 10ml of medium, and incubated 
at 37^C. After 20-24 hours/ the medium is changed and 
subsequent refeeding of the cells is carried out every 
3-4 days. Individual clones are grown in T-2Scm 
flasks. After 7-2i days, cell clones can be transferred 
to larger flasks for analysis. 



30 
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* hCG. using a single 

t ransf ec t ion, pi asmid RP 398 alpha t j is employed in 
tbe:^ same manner as the above - two- plasmids were- employed 
^foOt: iDttixedXinfe^ ' 
3o jMk<t^^ ^P^^r^^ 



. pCL28XhpLHBE5L.atOllxt^ 

An interesting obsecvatlon is that culturlng 



^^i: cells containing^ beta hCQ or beta LH-encoding vectors 
10 alone, in the absenciai of alpha-encoding cells, produces 
r ^/'j^j^^^^^g^jj^ no iseta subunitf while-, cells containing . 
I . alpha, and: beta-encoding sequences produce not only 
^~hi&iiodiamei but'l^fee' betaT submii t~aT'weli'.~ This' lends 
: - support tO- the notion. that . the. produc^ion_o£„both .„ _._ 
IS siibunits in a single cell culture has the additional 
... advantage of soaehow permitting the presence of the 
alpha'- subunit tc stabilize the beta' subunit. 
;:::'•^f:^^,;: ■s::--::.'-:~"~2T"rr:T, - QffiiQiit9 7^'^-^'~-'-'' ~ 

The following, described above, have been 
20 deposited in the American Type Culture Collection, 
: lUickville, ND> 

- aiohs beta- SVVPl^l ATT C VR2077 t .1 .1 . 

aloha SVHVPl." ATC C VR2075 i 

beta SWPlw ATC C VR207S t 
25---— - DBF 375 iirtei27 cells,- ATC C CRL8401: y 

DBF 398 ii^ C127 cells. ATC C CBt8401 » 

pCL28XhoLHBPV B. coli , ATC C 39475^ i 

pRP 398 alpha. tj in C127 cells. 

Ose . 

30 . The transformed cell lines of the invention are 

used to produce biologically active heteropolymeric 
proteins. hC6 made according to the invention,, for 
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example, has number or^^^ medical, uses 

- ■ . . other Embodiments r 

:T Other/embodimentC'are^^ the fpildwing 




JSclaiM 1 Fori exampl^^^ 



J)ther^hAt^^^ proteins ,„e • g • follicle. 




stimulating^ ho^^ thyroid stimulating hormone, can 

7 bej produced,' as can human or animal immunoglobulins or 
-/immune response antigens. . 
^0 It: OAy not be necessary that the 

heteropolymeric protein be produced by 'one ceil, or even 
in one culture. .One alternative is to co-culture two 




^™celIs7ronel^^^ subunit and the other 

the bthetl subii^^^ secreted 
^^subunits can then associate in the medium to form 

heterodimer* Another alternative is to employ separate 
^:jcultures,^M^ prodMcing, a^^ 
~ to^cofflbine':^the^ culture- miftd ia^ ^ 
association into heteropolymer. 
f ^ ^ Other host cells,, vectors, promoters, 

• transforming sequences , and viruses can also be 
£^eTOloyed*^l is. dependent 

on: the vector being used. - For example, when ttie^ vector 
is repliciatiiig viriis bt nbh-rejplicating viral DNA, the 
^ jtost cells a^re qell^^ 

- J^^ e.g., 
SV40*cohtaining vectors require monkey host cells , 
preferably C^^ where the oloning vector is a 

plasmid having procaryotic control sequences, 
prokaryotic host cells, e.g., coli , are used. Where 
the:„ cloning/vec tor is „ a plasmid having eukaryotic ^ 
control sequences, appropriate eukaryotic host cells, 
'¥,lgV','- isouise ''C12r cells , aice' '.ua«di»^*"I: ' ^' V J TZIrl 
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CLAIMS 



!• A biologically active protein composed of a 
plurality of subunits, each said subunit being 
synthesized by a cell comprising an autonomously 
5 replicating expression vector comprising heterologous 
DNA encoding said subunit* 

pro te in" of c , ~at~least one said ~ 

subunit of. said protein being synthesized by a 
eukaryotic cell, said proteinT being modified 
10 post-translationally. 



post-translational modification being glycosylation. 



3. The protein of claim 2, said 



4. The protein of claim 1, said protein being 



a secreted protein. 



15 



5* 



The protein of claim 3, said protein being 



a hormone. 



6. 



The protein of claim 5, said hormone being 



a human fertility hormone* 



7. A cell comprising a first autonomously 
20 replicating expression vector, said cell being capable 
of producing a biologically active he teropolymeric 
protein encoded at least in par t^^^^^^^ 
exptetss ion vector* 
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8. The cell o£ claim 7, said first expression 
vector encoding a first subunit of said heteropolyneric 
protein. 

9. The cell of claim 7, further comprising a 
second. autonomously replicating expression vector 

5 encoding a portion of said protein. 



r- 



r 



10. The cell of claim 9, a second subunit of 
said heteropolymeric protein being encoded by said 
second vector. 

11. The cell of claim 7, two subunits of said 
1-0 heteropolymeric protein being encoded by said first 

expression vector. 

12. The cell of claim 7 or claim 11, said- 

- heteropolymeric protein being a heterodimeric protein. 

13. The cell of claim 7, said first vector 
being a plasmid. 

...:.*> •"■ . -14.-::rThe "cell/Of claim\7f^iaid^^<c^^ 
maiimalian cell. 



15* Th6 cell of claim 12, transcription of the 
two different subunits of said heterodimer being under 
2° the control of the SV4p 

16. The cell of claim 12, transcription of one 
subunit of said heterodimer being under the contjrol of 

■■''''''tiie'1SV4b'" eir^^^^^^^ ' of this -Other ' ■ 

.subunit of said heterodimer being under the control of 
25 the mouse metallothionein promoter. 
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17. ' Tha cell of- claim 16, said first vector 



a^'^^i.,: :, . ; ..M -,v ,.,%.,4<;.-..-.-T-; ■ 

Iplljf iTgwiaprising'; a^ least the 69%' transforming region of ■ the 



■ --^ SL monkey- cell» 



18.1; Th^ ceil o£ claim 14#- saidL ceHT 



19^ T he cell of clalml4 t said cell bei ng a 



mouse cell* 



- - 20;77 AnTautbhdmouslyrrejplicating expte 
vector ancoding two different 
10 beteropolymeric protein. 



21.. The expression vector of claim 20, said 
expression vector comprising a plasmid. 



=^-^-^™^22v^ The- expr easiohr vectbV o^" said" 
expression vector comprising a replicating virus. 



■I5;vi:.' 



23v The biologically active; h^^ 
protein produced - by^ the^ cell^ of claim. 7. 1 ~ ^ - 



24.; A:fflethod for producing a biologically 
active Keteropoiymer ie ising cultur ing host 

eetiis cofqprising a first aatonombusly replicating 
20 expression vector encoding at least a portion of said 



he ter opoisnBier id protein . 



1 



Mi 
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25. The method of claim 24, a first subunit of 
said heteropolymeric protein being encoded by said first 
expression vector and a: second" subunit of said 
hetecop«iymeric protein being encoded by a second 

Sautonofflously replicating expression vector comprised in 
— said host- cell.— ■ — 

26. — The_method_of claim 24, at least two . _ 

subunits of said heteropolymeric protein being encoded 
by said first expression V(ector. 

10 27. The protein of claim 5, said hormone being 

thyroid stimulating hromone. 

28. The cell of claim 12, said protein being 
thyroid stimulating hormone. 

29. "An autonomously replicating expression 

15 vector comprising two genes encoding two different 

heterologous proteins, said genes being under the 

cbn^xol of two different promoters. 

30. The expression vector of claim 29 wherein 
sa^two different promoters are derived from two 

2® different species. 

31. The expression vector of claim 30 wherein 
one said promoter is of mammalian origin and the, other 
said; promoter is of viral origin. 

32. " The expression vector of claim 31 wherein 
25 said mammalian promoter is a metallothionein promoter 

and said viral promoter is the BPV promoter. 
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BIOSIS FILES: 5.55, 255 

MEDLIME FILES; 152. 153. 154 



III. OOCUMMTS eONSIMMO TO ■IMUVANT •* 



Catagory < 



X 



OUIion ot Ootumant. «« wHh Hdkatlon. ohara appreprlata. ot tha f«l«»ant paaaagaa »« 



N 



Proc. Nacl. Acad.. Sci. USA Vol. 77, No. 
6. pages 3149-3153 (June 1980) 



N, Proc. Nacl. Acad. Sci USA Vol. 78, No. 9 
pages 5329-5333 (September 1981) 

N» Molecular and Cellular Biology Vol. 1, 
No. 6 pages 486*496 (June 1981) 

M, Proc. Nacl. Acad. Sci. USA Vol. 79, 
pages 4897^4901 (August 1982) 

N, Proc. Nacl. Acad Sci. USA Vol. 79 pages 
4030*4034 (August 1982) 

Nv Nature Vol. 286 pages 684*687 (August 
198,0) 

N, Nature Vol. 281 pages 351-356 (October 
1979) 

N» Proc. Natl. Acad. Sci. USA, Vol, 78, 
No. 4, pages 2606*2610 (April 1981) 



fUI«vtnt to Claim No.«« 



1,3*6,27*28 
1-32 

1-26, 29* 3: 
1-26,29-32 
1- 26,29*32 
1-26,29*32 
-26, 29-32 
-26,29-32 



* Sptdil ortogof i«« off cKtd doeumtnt*.: « ^ 

"A* docum«itt dtflning ttk« M0«r«| tUt* of th« art which li lol 

conaMarad to ba of partltiiiar ralavanca 
*C* aaritar documaRl but pubdahad e«i of aflar tha lntarnatlo«ui 

nuno data 

documani whkh may throw dowbtt on prtomy clalm(a) or 
which la cltad to atUbUah tha pubHcatlon data of anothar 
cttattofi or othar apactal rMson («a apactftad) 
"O* documoril roforrlfig to an oral diacloaura, uaat, aahlbltlon or 

' 'othar;maaha':-::'v:' 

"P* documartt pubUahad prior to tha IntarnatloAal flllng data but 
latar than tho priority data ctaimad 



'T* latar documant pubKahad ahar tha InttrnaUonal flUng data 
w priority data anTnot l« conflict with tha •PPj^f «| J«; 
Cltad to undaratand tha prtnclpla Of ihaory undariying tha 
tnvantlon 

•X- documant of partiarfaf ralafanca; th« J'JJSS*®" 
cannot ba centidarad noval or cannot bo conaidarad to 
Involvo an Imranthro ttap 

-Y* documant of paitlcuUf ralavanea; tha eW'"*! 

cannot ba conaidarad to invoUo an tnvantiva ttap whan tha 
documant la combinad with ona or mora othar auch docu- 
manta. auch combination balng ob*loua to a paraon alutlad 
(n tha art 

-4- documant mambar ol.tha aama patanl family 
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Be^l^vailable Copy 



International Application No.f TT/USS4/01771 



FURTHER IHFORMATIOM CONTINUED FROM THE SECOND SHEET 



N, Proc. Natl. Acad. Sol. USA Vol. 50 pages 
397-401 (January 1983) 



1-26,29-32 



r;, J. Molecular and Appliad Ccnatics Vol. I 1-32 
pages 3-18 C1981) 

N, Science Vol. 200 pages 494-502 (Hay 1978^ 15, 16 



N, Virology Vol. 117 pages 536-540 (1982) 
US, A, 4,419,446 Published 6 December 1983 



1-26, 29-32 
1-26, 29-32 



V Q OaSERVATlONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHA>U «< 



Thl» fnumatlonal atarch rtport hat not baan aaubllahad In rtaoact of cartaln dalma ondac Articia 17(2) (a) for lh« following raaaona: 
Claim numbart ^ baeauta thay ralata to aubjact matter not requlrad to ba taarchad by thit Autbofity, namalyt 



iQ CUlm numbara bacavaa ihty raUto to of tba Intamatlenat application thai 4o not comply with tha praachbad ra^ulrt* 

manU to auch an axtant that no maaAlnoM UitamatlOMl taarch can bv earrlad out apaciAcattyt 



, VlQ OD SERVATIONSWMEJIEUNrrr OrtWVENTtOMIStACKINOU 

, Thla Inttffiattonel Saarchtno Auchomy found muWpIo IntoAtSona In thla InlamaUonal AppUcalton at folfowt: 



tO A' ^wlrad tddlttonal taarch faat waro Umaly paM ^ ttw appttetnt thtt Intamatlohal aaarch rapoft covart aU aaarchabia ctalma 
V 'of tht Ifitamatlofial appScatton. ' 

&Q At only aomo of tho raqulrad addWonal tMwch foot wtra timaly paid by tho applicant thla Intarnaitonal aaarch raport covara only 
thoao clalma V»f tha Intarnaitonal appUtatlon for wMch Itat wart paid, tpadflcatly dalma; 



&Q No raoulrtd tddlbonal aaarch fa«t wora timaty paid by tho appllctnL Conaaquantly. thfa Intamattonal aaarch raport la rattrlctad to 
tho Invtntlon Artt mantfonad In tho clalma; It la covarad try claim numbara: 



Aa all aaarchabia dalma could bo atarchod without affort iuatifying tn additional faa, tha Intarnatlonal Saarchlnp Authority did not 
Imrito paymant of any additional faa. 



•tamr. 1i on Protaat 
n Tho additional aaarch faat wara accompanlad by appCcanf a pretatt 
n No protaat accompanlad tha paymant of additional aaarch faaa. 



Form PCT/ISA/Z10 (auppkmantal thaat (2)) (Octobar I9tl) 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

H) BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SfflES 
HI FADED TEXT OR DRAWING 

H) BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

HI LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



